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Abstract 

Magneto-thermoelectric transport provides an understanding of coupled electron-

hole-phonon current in topological materials and has applications in energy 

conversion and cooling.  In this work, we study the Nernst coefficient, the magneto-

Seebeck coefficient, and the magnetoresistance of single-crystalline Bi2Te3 under 

external magnetic field in the range of −3 T to 3 T and in the temperature range of 

55 K to 380 K. Moreau’s relation is employed to justify both the overall trend of the 

Nernst coefficient and the temperature at which the Nernst coefficient changes sign. 

We observe a non-linear relationship between the Nernst coefficient and the applied 

magnetic field in the temperature range of 55 K to 255 K. An increase in both the 

Nernst coefficient and the magneto-Seebeck coefficient is observed as the 

temperature is reduced which can be attributed to the increased mobility of the 

carriers at lower temperatures. First-principles density functional theory 

calculations were carried out to physically model the experimental data including 

electronic and transport properties. Simulation findings agreed with the 

experiments and provide a theoretical insight to justify the measurements.  

 

I. Introduction 

The first observation  of cooling using a Bi2Te3 thermocouple about seventy-five years ago 

inspired a surge of interest in the field of thermoelectric energy conversion [1]. 

Identifying suitable new materials and enhancing the thermoelectric properties of the 

already recognized ones have been the major research drive of the thermoelectric 

research community since then [2–19]. The thermoelectric performance of a material is 

evaluated by its dimensionless figure of merit, 𝑧𝑇𝐸𝑇, defined as 𝜎2𝑆𝑇/𝜅 where 𝜎 is the 

electrical conductivity, 𝑆 is the Seebeck coefficient, 𝜅 is the thermal conductivity, and 𝑇 is 

the average temperature of the material. Despite the discovery of numerous other 



thermoelectric materials to this date,  Bi2Te3 and its alloys (with Sb2Te3 for p-type and with 

Bi2Se3 for n-type conductivity, respectively) are still the dominant materials used in 

commercial thermoelectric modules for near room-temperature applications. [20] Hence, 

it is no surprise that a large number of articles are focused on the study of Bi2Te3 

thermoelectric transport properties [21–25]. Bismuth Sesquitelluride Bi2Te3 is a layered 

material and inherently has low thermal conductivity [26]. At the same time, it is a 

topological material with a complex band structure [27]. Many detailed first-principles 

studies have been reported so far to better understand the electronic band structure and 

consequently thermoelectric properties of the Bi2Te3 family [27–35]. Due to spin-orbit 

interaction, Bi2Te3 has band inversion with band extrema that are not at the high 

symmetry 𝛤 point [27]. The resulted valleys have small effective masses and high valley 

degeneracy, making the electronic band structure of Bismuth Sesquitelluride Bi2Te3 ideal 

for thermoelectric applications. Various reports on the Seebeck coefficient and the Hall 

measurement of extrinsic samples pointed to the necessity of a six-valley band model to 

properly describe the relationship between the Hall coefficient and the carrier 

concentration [36–39].  While examining the thermal conductivity behavior at a 

temperature range of 77 K to 380 K,  Satterthwaite and  Ure reported a sharp rise in the 

thermal conductivity around room temperature and above due to ambipolar diffusion of 

electrons and holes. [26]  Goldsmid found that the lattice thermal conductivity of doped 

Bi2Te3 is independent of its electrical conductivity [40]. He reported that doping with 



halogen atoms is an exception and results in the reduction of lattice thermal conductivity 

due to the large cross-section of phonon-halogen atom scattering. 

While the thermoelectric properties of Bi2Te3 have been well-studied to attain a higher 

figure of merit, the thermomagnetic properties lack the same research depth. When  a 

magnetic field is applied in the z-direction, i.e., normal to the basal (0001) crystal plane in 

Bi2Te3,  the thermomagnetic figure of merit, 𝑧𝑇𝑀𝑇 is defined as (𝑁2𝜎𝑦𝑦𝑇)/𝜅𝑥𝑥 where 𝑁 is 

the Nernst coefficient in the unit of μV/K, 𝜎𝑦𝑦 is the electrical conductivity in the y-

direction, 𝜅𝑥𝑥 is the thermal conductivity along the direction of the applied  thermal 

gradient, and 𝑇 is the average temperature of the material [41]. The Nernst coefficient in 

the thermomagnetic transport is the transverse equivalent of the Seebeck coefficient 𝑆𝑥𝑥 

in the thermoelectric transport. Thermomagnetic power generators and coolers are an 

alternative to thermoelectric modules. They have several advantages compared to their 

thermoelectric counterparts such as exhibiting higher energy conversion efficiency for 

the same zT (adiabatic) (applicable when the zT (adiabatic) is roughly greater than 

0.2)  [42,43], better suitability for energy conversion in the case of thin films, and simpler 

design as the module can be made using only one material compared to two (n-type and 

p-type) in case of a thermoelectric module [43,44]. The potential that the transverse 

thermomagnetic properties hold in energy conversion can duly be stressed by taking the 

Dirac semimetal Cd3As2 as an example. In a recently published paper, it has been reported 

that Cd3As2 has a transverse thermomagnetic 𝑧𝑇𝑀𝑇 ≈ 0.5 at room temperature which is 



more than twice its longitudinal thermoelectric 𝑧𝑇𝐸𝑇 [45]. The study of the Nernst effect 

is also important in spintronics. It has recently been shown that the Nernst voltage can 

be a source of spurious signal in spin-orbit torque measurements in topological insulators 

[46]. The magnetization dynamics can be controlled by thermally driven spin Nernst 

torque [47]. Therefore, taking a closer look at the thermomagnetic properties of Bi2Te3 is 

evidently fitting. To our best knowledge, only a few attempts have been made to study 

the Nernst effect in Bi2Te3 so far.  Mansfield and  Williams in 1958 measured the Nernst 

coefficient of Bi2Te3 under a magnetic field of 1.4 T and reported a slow increase in the 

coefficient with decreasing temperature [48]. In 1966, Champness and  Kipling measured 

the Nernst coefficient for an n-type Bi2Te3 under a constant magnetic field of 1.88 T 

applied parallel to the cleavage plane and concluded that the electron to hole mobility 

ratio decreases up to room temperature [49]. In 1997, Zhitinskaya et al.  used their Nernst 

measurement at 300 K in the weak magnetic field regime as a means to predict the degree 

of inhomogeneity present in the Bi2Te3 crystal [50]. All these studies revealed useful 

information but do not provide a complete picture of the Nernst effect covering both large 

magnetic fields and a wide temperature range.  

In this work, we report the measurement of the Nernst coefficient of Bi2Te3 over a wide 

range of magnetic fields and temperatures. We observed a change in the sign of the 

Nernst coefficient as predicted by the Moreau’s relation [51] [Eq. (1)] around the same 

temperature at which the Seebeck coefficient peaks.  We also observed a non-linear 



behavior of the Nernst coefficient versus H in the high magnetic field regime (𝜇𝐻 > 1). 

The measurement of thermoelectric properties, Hall coefficient, magneto-Seebeck, and 

magnetoresistance were included in this report to provide a more complete perspective. 

We used first-principles calculations and analytical solutions of the Boltzmann transport 

equation (BTE) using the constant relaxation time approximation and in the presence of 

an externally applied magnetic field are used to calculate magnetotransport responses. 

In the absence of the magnetic field, theoretical Seebeck coefficients accurately reproduce 

the experimental ones. The presence of the magnetic field introduces the magneto-

Seebeck, the magnetoresistance, and the Nernst signal. Finally, the Nernst signal was 

calculated using phenomenological models. The trends seen in the theoretical result 

agrees with that of the experiment, but these are not in quantitative agreement primarily 

due to the use of constant relaxation time approximation (CRTA) during the theoretical 

calculations. 

                                                                   𝑁 = 𝑇𝑅𝐻𝜎
𝜕𝑆

𝜕𝑇
,  (1) 

II. Materials and Methods 

A. Experimental details 

An undoped Bi2Te3 was grown by the vertical Bridgman method. Polycrystalline Bi2Te3 

powder (15 g) was loaded in a graphitized quartz ampoule (10 mm inner diameter) that 

was sealed under vacuum and placed in a single-zone furnace. After homogenization of 



the melt at 630 C for several hours, the ampoule was transferred through a temperature 

gradient of 50 C/cm at a speed of 0.5 mm/h. The growth run produced a single-

crystalline Bi2Te3 ingot with the cleavage plane parallel to the ampoule axis.  The sample 

(8.7 x 3.9 x 1.5 mm3 (L x W x H)) was cut from the central part of the ingot. Gold-plated 

flat copper wire of 0.5 mm width was used to make contact electrodes. A two-component 

silver-filled epoxy was used to glue the contact wires to the sample. The thermoelectric 

properties of the sample, at a temperature range 55 K to 380 K and magnetic field of -3 T 

to 3 T, were measured by the one-heater and two-thermometer configuration using the 

thermal transport option (TTO) of the VersaLab (Quantum design Inc.). The applied 

magnetic field was perpendicular to the direction of the thermal gradient and the 

cleavage plane. To establish a thermal gradient along the length of the sample, a resistive 

heater was attached to one end of the sample. Another contact attached at the opposite 

end of the sample was clamped to the cold foot of the TTO puck which acted as a heatsink. 

Thus, the temperature difference is applied between two parallel heat sink and heat 

source placed 8.7 mm apart, implying that the slow transverse voltage measurements are 

done under nearly isothermal conditions, and the reported Nernst coefficients are the 

isothermal values rather than the smaller adiabatic values. Two TTO shoes placed 3.4 mm 

apart were employed to measure the temperature and the voltage difference 

simultaneously. For the Seebeck measurement over the entire range of temperature, an 

adaptive measurement mode was used that maintained the temperature difference 



within (1 to 3) % of the sample temperature. Taking into account the geometrical factor 

of the sample and Versalab system specification, the estimated errors in the Seebeck, 

thermal conductivity, and resistivity measurement were about 5 %, 10 %, and 3 % 

respectively. Nernst measurement was also carried out using the one-heater two-

thermometer configuration in the temperature range of 55 K to 300 K. Magnetic field with 

a step increase of 1 T was applied up to 3 T in both z and -z directions. Transverse voltage 

was measured by two voltage probes attached to two gold-coated copper contacts placed 

perpendicular to the thermal gradient and the magnetic field directions. The estimated 

error in the Nernst measurement was  10 % (the main error sources include fitting errors 

of VERSALAB software, error in measurement of the sample size, nonuniformity of the 

temperature gradient, and instrumental errors). To determine the carrier concentration, 

a four-probe Hall measurement was carried out using the electrical transport option 

(ETO) of VersaLab in the temperature range of 50 K to 380 K. In this measurement, two 

voltage leads were placed transversely to the direction in which the current and the 

magnetic field were applied. The estimated error in the measurement was  5 %. The 

thermal gradient and magnetic field applied in all measurements described above were 

parallel and perpendicular to the material’s cleavage plane, respectively.  



B. Computational details 

The  QUANTUM-ESPRESSO  software package  [52] was employed to carry out first-

principles density functional theory (DFT) calculations with ultra-soft 

pseudopotentials  [53] and with the Perdew–Burke–Ernzerhof exchange-correlation 

functional  [54].  An 8 × 8 × 8 Monkhorst–Pack k-point mesh was chosen to reproduce 

electronic states in the first Brillouin zone and kinetic energy cutoffs for charge density 

and wave function were set to be 700 Ry and 70 Ry, respectively. Experimental lattice 

constants of a=10.473 Å and θBi−Te=24.17  [33] were utilized to simulate the structure.  

Atomic positions were relaxed to minimize energy.  Transport properties were assessed 

through the semiclassical  Boltzmann theory as implemented in the BoltzTraP 

package  [55]. Modifications under the magnetic field will be discussed in the results. 

III. Results and Discussion 

The Spin-orbit coupling (SOC)  effect plays an important role in the electronic structure 

calculations.  [56]   Figure 1 (a) compares the band structure of Bi2Te3 with and without 

SOC. The inclusion of SOC results in a significant reduction in the bandgap from 0.29 eV 

to 0.11 eV and a significant change in the effective mass values. For example, at Γ point, 

the conduction band effective mass increases from 0.15m0 to 0.7m0 after introducing SOC 

effects. Finally, band inversion happens at Γ point in the presence of the SOC effect. Our 



results are in agreement with previous calculations [57] and the obtained bandgap of 0.11 

eV is close to the experimentally measured bandgap of 0.15 eV [58].  

 

Figure 1. a) Band structure of Bi2Te3 with (black) and without(green) SOC effect. The presence of SOC lowers the bandgap and 

Bi2Te3 turns to a narrow-gap semiconductor. b) The projected density of states (DOS) including SOC shows that valence and 

conduction bands are mainly formed by Te and Bi p-orbitals, respectively. c) Brillouin zone for Bi2Te3 crystal structure. 

 

The contribution of each atomic orbital to the total density of states is shown in the right 

panel of Figure 1 (b). The valence band is dominated by p-orbitals of tellurium and the 

conduction band is mostly composed of p-orbitals of bismuth, which is in agreement with 

the projected band structure (Figure 2). Color bar in Figure 2 indicates contribution of a 

specific orbital in each band from the lowest (green) to the highest (yellow) contribution 

[e.g., in Figure 2 (a) valence band is more blue-red which shows a high contribution of p-



orbitals of Bi]. In this figure band inversion of the Bi-p orbitals can be seen: the valence 

band acquires a Bi-p component near the Γ point.  

 

Figure 2. Contribution of p-orbitals of (a) Bi and (b) Te. Similar to projected DOS, p-orbitals of Bi and Te form valence and 

conduction bands. The color bar was kept identical for all projection. The valence band of Bi2Te3 is mostly of type Te-p (right 

figure) and the conduction band is mostly of type Bi-p (left figure) 



 

Figure 3. Variation of electrical and thermal properties of single-crystal Bi2Te3 with temperature: (a) Seebeck coefficient, (b) 
resistivity, (c) thermal conductivity, and (d) Hall coefficient RH and Hall mobility µH.  

 

The temperature dependence of the transport coefficients including the Seebeck 

coefficient, S, the electrical and thermal conductivity, the Hall coefficient, and the carrier 

mobility is shown in Figure 3. Our measured sample has mobility of 227 cm2V−1s−1 at 

300 K which is very close to the ones reported by other sources on similar 

samples [26,38,59]. Carrier concentrations were computed from experimental Hall 

coefficient values, for which the corresponding chemical potentials were estimated 

through the first-principles calculations followed by Seebeck coefficient computation of 



each chemical potential. Experimentally measured Seebeck values were reproduced by 

first-principles calculations (explained in the computational detail sub-section). It is 

noteworthy to say that small deviations between theory and experiments could come 

from constant relaxation time approximation assumption.  

The Seebeck coefficient trend over the entire temperature range can be divided into two 

distinct regions as also noted by many previous reports on Bi2Te3 [22,36,60].  The 

separation is roughly at 273 K where the Seebeck coefficient reaches its peak value of +287 

μV/K. Below 273 K, the carrier concentration does not change significantly as evidenced 

by a weak change of the Hall coefficient (Figure 3 (d)). In this range, as temperature 

increases, the carrier mobility decreases due to the increase in the electron-phonon 

scattering rates. Hence, we observe a metallic behavior where resistivity increases with 

temperature. In this regime, since the free carrier density is almost fixed, as we increase 

the temperature, the quasi-Fermi level moves closer to the middle of the gap increasing 

the Seebeck coefficient. Beyond 273 K, intrinsic carriers excited across the bandgap 

dominate conductivity.  In this region, we see a decrease in the Seebeck coefficient with 

increasing temperature as both electrons and holes are generated (the bipolar effect). The 

resistivity starts to decrease due to the increase in carrier concentration. The sign of the 

Seebeck coefficient remains positive throughout the entire temperature range which is a 

confirmation that the sample is nominally p-type doped. Bi2Te3 is known as a topological 

insulator [27]. However, the Bi2Te3 single crystal is naturally p-type and its bulk energy 



bands are characterized by a small band gap and are strongly influenced by spin-orbit 

interactions. Hence, it is difficult to observe an electrically insulating bulk [61]. In 

particular, in the temperature range of our study, 

the sample behaves as a metal rather than an insulator. We also note that even though 

our calculations only included the bulk states, they can describe the Seebeck coefficient 

in agreement with the experiment [as shown in Fig. 3(a)]. We expect the surface states are 

dominant at much lower temperatures [62] and much lower thicknesses [63]. In 

semiconductors, total thermal conductivity has contributions from phonons, electrons, 

and bipolar transport [64].  In the temperature range of 55 K to 200 K, thermal transport 

is dominated by phonon thermal conductivity. As we increase the temperature, we see a 

decreasing trend in the thermal conductivity due to the increase in anharmonic phonon 

scattering as shown in Figure 3 (c). At higher temperatures (above 300 K), the bipolar 

contribution becomes significant and results in a rise in the total thermal conductivity. 

Figure 3(d) shows the measured Hall coefficient and the extracted carrier Hall mobility. 

We need to point out that at temperatures above 273 K, where bipolar conduction starts, 

the extracted Hall mobility is very different from the drift mobility and we cannot 

separately extract the drift mobility of electrons and holes. The Hall coefficient is 

proportional to the inverse of the difference between the number of holes and electrons, 

while the electrical conductivity is the sum of the electron conductivity and hole 



conductivity. The Hall mobility is extracted by dividing the electrical conductivity by the 

Hall carrier concentration. 

 

Figure 4 Plot of the temperature dependence of (a) magneto-Seebeck and (b) magnetoresistance. Here, 𝑆𝑥𝑥 𝑎𝑛𝑑 𝜌𝑥𝑥  are the 
Seebeck coefficient and resistivity measured along the length of the sample under zero magnetic field and ∆𝑆𝑥𝑥𝑎𝑛𝑑 ∆𝜌𝑥𝑥 are 
the respective change in these quantities once a magnetic field is applied 

Figure 4 shows the temperature dependence of the magneto-Seebeck and the 

magnetoresistance of the sample in the magnetic field range of 1 T to 3 T applied 

perpendicular to both the thermal gradient and the cleavage plane. Each data points were 

obtained by applying the magnetic field both in positive and negative directions and then 

averaging the corresponding Sxx and ρxx responses. The change in the Seebeck 

coefficient and resistivity are always positive below 375 K. The decrease in the value of 

the magneto-Seebeck and magnetoresistance versus temperature can be attributed to the 

reduced mobility at higher temperatures. 

Figure 5(a) shows the sample mounted on a TTO puck for the Nernst measurement. 

Temperature dependence of the Nernst coefficient is shown in Fig. 5(b) and temperature 

dependence of the thermoelectric and thermomagnetic zT has been included in the 



Supplemental Material [65]. Here also, for each data points, the magnetic field was 

applied both in positive and negative directions and the responses were averaged. The 

Nernst signal, similar to the magneto-Seebeck and magnetoresistance, increases as we 

decrease the temperature. In the same graph, we also plotted the Nernst coefficient of this 

material calculated using the Moreau’s relation [51]. According to this relation, the Nernst 

coefficient of a material can be written as the negative of the product of its Thompson 

coefficient (defined as the product of the temperature of the sample and the first 

derivative of its Seebeck coefficient with respect to the temperature) [51], Hall coefficient, 

and electrical conductivity. Moreau’s relation predicts a change in the sign and a zero 

Nernst signal at the same temperature at which the Seebeck coefficient peaks (≈273 K for 

this sample). Our experimental data show that the Nernst signal changed its sign at about 

255 K which is in close agreement with Moreau’s prediction. The difference stems from 

the inaccuracy of the Moreau’s relation as well as error bar in the measurements of the 

involved transport coefficients (the Seebeck coefficient, Hall coefficient, the electrical 

conductivity, and the Nernst coefficient). We note that Moreau’s relation is only accurate 

for metals. However, as shown, it can still closely replicate the results of Bi2Te3, a narrow-

gap semiconductor. Above 255 K, the Nernst coefficient is positive and maintains a linear 

relationship with the applied magnetic field. But below 255 K, the linearity ceases quickly 

and non-linear behavior of the Nernst coefficient versus the magnetic field slowly 

emerges (Figure 5d). This non-linear behavior intensifies as we go down in temperature. 



Moreau’s relation cannot account for this non-linearity. The basis of this behavior 

becomes apparent when the Boltzmann Transport Equation under a magnetic field is 

solved. The following formalism is developed after Behnia  [66] and following 

Smith’s  [67] notation. Electrical current density under an external magnetic field (H) can 

be written as: 

[
𝐽𝑥

𝐽𝑦
] = [

𝜎(𝐻)𝑥𝑥 𝜎(𝐻)𝑥𝑦

𝜎(𝐻)𝑦𝑥 𝜎(𝐻)𝑦𝑦
] [

𝐸𝑥

𝐸𝑦
] + [

𝐵(𝐻)𝑥𝑥 𝐵(𝐻)𝑥𝑦

𝐵(𝐻)𝑦𝑥 𝐵(𝐻)𝑦𝑦
] [

−
𝜕𝑥𝑇

𝑇2

−
𝜕𝑦𝑇

𝑇2

] (2) 

Assuming there is no temperature gradient along the y-direction (isothermal condition 

for the Nernst coefficient), Eq.2 can be simplified as follows: 

 

𝐽𝑥 = 𝜎𝑥𝑥(𝐻)𝐸𝑥 + 𝜎𝑥𝑦(𝐻)𝐸𝑦 −
𝐵𝑥𝑥(𝐻)

𝑇2 ∇𝑥𝑇 ,  (3) 

𝐽𝑦 = 𝜎𝑦𝑥(𝐻)𝐸𝑥 + 𝜎𝑦𝑦(𝐻)𝐸𝑦 −
𝐵𝑦𝑥(𝐻)

𝑇2 ∇𝑥𝑇 ,  (4) 

 where σ(H) and B(H) are the response function tensors defined as: 

 𝜎𝑖𝑗 = 𝑞2 ∫ 𝜏νiνj (−
𝜕𝑓0

𝑘

𝜕𝐸
) 

𝑑3𝑘

4𝜋3  , (5) 

[B]= 
𝑞

𝑇
∫(𝐸𝑘 − 𝜇) 

𝜕𝑓0
𝑘

𝜕𝐸

𝜏

(1+𝜇𝐻)2 [

𝜈𝑥
2 𝜈𝑥𝜈𝑦 − 𝜈𝑥

2𝜇𝐻 𝜈𝑧𝜈𝑥

𝜈𝑥𝜈𝑦 + 𝜈𝑦
2𝜇𝐻 𝜈𝑦

2 𝜈𝑧𝜈𝑦

𝜈𝑧𝜈𝑥 𝜈𝑧𝜈𝑦 𝜈𝑧
2(1 + 𝜇2𝐻2)

]
𝑑3𝑘

4𝜋3    (6) 

 

The Nernst coefficient is defined under open-circuit conditions when the electrical 

current is zero in all directions and the magnetic field is applied only along the z-axis. In 



these circumstances, eliminating 𝐸𝑥 using Eqs. (3) and (4), and using the definition of the 

isothermal Nernst coefficient, we find: 

𝑁𝑥𝑦𝑧 = 𝐸𝑦/𝜕𝑥𝑇 =
1

𝑇2

𝜎𝑥𝑥𝐵𝑦𝑥−𝜎𝑦𝑥𝐵𝑥𝑥

𝜎𝑥𝑥𝜎𝑦𝑦−𝜎𝑦𝑥 𝜎𝑥𝑦
  (7) 

To calculate the Nernst coefficient, we used the band structure and the differential 

conductivity calculated using first-principles calculations as described in the 

computational details section. The experimental mobility was used in Eq. (5). The Nernst 

coefficient computed from Eq. (6) is plotted in Figure 5(c) and compared with the 

experimental data. The current calculation is performed under constant relaxation time 

approximation, assuming that the relaxation times do not change under an externally 

applied magnetic field. However, Smith et al. [65] have shown that the changes in the 

relaxation times versus the magnetic field add another term in the Nernst coefficient. 

Hence, we believe that the main discrepancy between the theory and experiment is the 

constant relaxation time approximation used in the theory.  Finally, we note that Fig. 5(c) 

confirms that an increase in the Nernst coefficient at lower carrier concentrations, lower 

temperatures, and larger magnetic fields as reported in other materials [68] is also valid 

for this material. The non-linearity vs magnetic field, as can be seen in Figure 5c, is 

strongest at the lowest measured temperature, 55 K, pointing to the suitability of the 

Nernst effect in cryogenic energy conversion application.  



 

Figure 5. (a) Mounted sample on the TTO puck. (b) Temperature dependence of Nernst coefficient (N/H) obtained from 

experiment and Moreau’s relation. (c) Nernst coefficient (N/H) at different hole concentration calculated using Eqs. (5) and (6) 

with inputs from first-principles calculations. (d) Magnetic field dependence of the Nernst coefficient (N).  

 

IV Conclusion: 

In summary, we studied the Nernst coefficient, magneto-Seebeck, and magnetoresistance 

of single-crystal Bi2Te3 under the effect of an external magnetic field (<3 T) and 

temperature (55 K to 380 K). The Nernst coefficient changes its sign at about 255 K as 



predicted by the Moreau’s relation. It shows a nonlinear trend versus the applied 

magnetic field at low temperatures. The nonlinearity gradually increases as the 

temperature decreases. The magnitudes of the magneto-Seebeck and magnetoresistance 

were also found to increase as the temperature was decreased. First-principles 

calculations along with constant relaxation time approximation (CTRA) were used within 

the framework of BOLTZTRAP to calculate the Seebeck coefficient and it is in close 

agreement with the experimentally measured values. The formalism developed by 

Behnia and Smith was used to calculate the Nernst coefficient of the sample. The 

theoretical calculations can successfully explain the trends observed in the experiment 

but are not in quantitative agreement. The discrepancy is attributed to the use of CRTA. 

Our experimental data and theoretical calculation confirm that the material under study 

shows the general trend of exhibiting higher values of the Nernst and magneto-Seebeck 

coefficients at higher mobility values. Our theoretical results show that the magnitude of 

the Nernst coefficient is larger at lower temperatures, lower carrier concentrations, and 

larger magnetic fields. These observations could prove useful in evaluating the Nernst 

coefficient in other materials having similar band structures as that of Bi2Te3. 
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